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Abstract 
The relationship between lipid peroxidation and uptake of transferrin-free iron, Fe(II), by reticulocytes in an experimental system for 
studying membrane transport of Fe(II) was investigated by using free radical scavengers: BHA (butylated hydroxyanisole), BHT 
(butylated hydroxytoluene), superoxide dismutase, a-tocopherol, propyl gallate and DPPD (N,N-diphenyl-l,4-phenylenediamine), a d 
producers: t-butyl hydroperoxide, cumene hydroperoxide, H202 and aluminium carbonate. Measurements were made of MDA 
(malondialdehyde) and the rate of Fe(II) uptake from a sucrose solution buffered at pH 6.5 by Pipes. Most scavengers and producers used 
could increase or decrease only slightly the rate of Fe(II) uptake and some of them had no effect on Fe(II) uptake and MDA could not be 
detected at iron concentration f lower then 10 /xM and incubation time of 20 min. At iron concentration f higher than 100 /xM and 
incubation time of 4 h, there was the production of MDA which increased with the increment of iron concentration f incubation medium 
and BHT could inhibit the production of MDA. In addition, no difference was found in the rates of Fe(II) uptake in three experimental 
groups whose incubation medium was buffered by Pipes, Mops and Mes respectively. The results suggested that iron could induce free 
radical reaction under experimental conditions, especially at high concentration of iron and longer incubation time; however, at low 
concentration of iron (< 10 /xM) and the usual incubation time (20 min) free radical reaction was very slight and the extent of the 
reaction was not enough to damage the integrity and function of the membrane of reticulocytes, and that Fe(II) uptake by reticulocytes 
was not the result of free radical reaction and lipid peroxidation. It was therefore concluded that iron could not initiate its own membrane 
transport in rabbit reticulocytes by free radical reaction and lipid peroxidation and that the experimental system we used for studying 
membrane transport of Fe(II) is valid. 
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1. Introduction 
Iron is an essential element for all mammalian cells. 
Considerable research effort has been devoted to studying 
the mechanisms of iron uptake by the cells and a consider- 
able amount of information has been obtained during the 
last four decades (reviewed in Ref. [1]). It is well known 
that in normal individuals more than 99% of iron in 
plasma is bound to the glycoprotein, transferrin. Transfer- 
fin-bound iron may be taken up by a variety of mecha- 
nisms, the best described involves membrane receptor- 
mediated endocytosis of transferrin. In addition, there is 
evidence for uptake by non-specific adsorptive ndocytosis 
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[2,3], fluid phase endocytosis [2,3], and by transmembrane 
reductase activity [4-9]. 
A physiological role of lipid peroxidation in membrane 
iron transport has recently been postulated. It was reported 
[10,11] that iron may initiate partly its own membrane 
transport by lipid peroxidation at intestinal microvillus 
membranes, induced by active iron-oxygen species. How- 
ever, it is unclear whether the mechanism of the oxygen 
radical mediated iron uptake operates in reticulocytes or 
other types of body cells. Under physiological conditions 
iron rarely exists 'free' and is always bound to proteins 
such as transferrin, ferfitin, etc., acting weakly in radical 
reactions. Iron bound to transferrin is ineffective in stimu- 
lating lipid peroxidation [12]. However, biological mem- 
branes including the membrane of rabbit reticulocytes are 
rich in unsaturated fatty acids which are susceptible to 
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peroxidative attack and iron itself is a promotor of radical 
reaction and lipid peroxidation, converting poorly reactive 
species into more reactive ones [13,14]. Also, free radicals 
are easily produced from the piperazine ring-based 
'Good's' buffers such as Pipes and Hepes [15,16] and 
reductant such as ascorbate combining with iron can be a 
potent oxidizing system [1,17], both of which are exten- 
sively used in experimental research on iron uptake [18- 
25]. Therefore free radical reaction and lipid peroxidation 
should be theoretically considered as a possible source of 
artefacts which could influence iron uptake when biologi- 
cal membrane, iron, piperazine ring-based 'Good's' buffer 
and reductant are present in an experimental system. The 
experiments described in this paper are designed to investi- 
gate the involvement of free radical reaction and lipid 
peroxidation in the transport process of transferrin-free 
iron in rabbit reticulocyte and to determine whether the 
experimental system we used, containing Pipes, iron and 
biological membrane, is valid for studying membrane 
transport of transferrin-free iron by using free radical 
scavengers and producers and by measuring malondialde- 
hyde and the transferrin-free iron uptake rate. 
2. Materials and methods 
2.1. Materials 
59Fe (FeC13) was purchased from Amersham Interna- 
tional, Amersham, UK. The free radical scavengers (BHA, 
BHT, superoxide dismutase, c~-tocopherol, propyl gallate 
and DPPD) and producers (t-butyl hydroperoxide, cumene 
hydroperoxide, H202 and aluminium carbonate), DMSO 
(dimethyl sulfoxide), and reagents of thiobarbituric acid 
assay were obtained from Sigma Chemicals, St. Louis, 
MO, USA. Malondialdehyde bis-(dimethylacetal) was 
bought from Aldrich Chemical Company, Inc., Milwaukee, 
WI, USA. The solution of scavengers and producers was 
prepared by dissolving the compounds in H20 except 
BHT, BHA, a-tocopherol, propyl gallate and cumene hy- 
droperoxide which were dissolved in DMSO. When these 
scavengers and producers dissolved in DMSO were used, 
DMSO was added to the control incubation medium in the 
same concentration as that presented in the incubation 
medium containing scavengers and producers (1% v:v). 
2.2. Cells 
Reticulocyte-rich blood was obtained from rabbits with 
phenylhydrazine-induced haemolytic anaemia, 3-5 days 
after the last dose of phenylhydrazine [26]. The cells were 
washed four times with 0.15 M NaC1, then centrifuged at 
2000 × g for 30 min at 4°C, the buffy coat removed and 
the top one-quarter of the red cell layer which was en- 
riched in reticulocytes was collected and suspended at an 
haematocrit of 10-15% in 0.27 M sucrose. The reticu- 
locyte count varied from 52 to 94%, but, for brevity, the 
cells will be reterred to as 'reticulocytes' since the mature 
cells present in the suspension take up very little transfer- 
tin-free iron [ ! 8]. 
2.3. Measurement of iron uptake 
The methods for preparation of the radiolabelled Fe(II) 
solution and measurement of Fe(II) uptake were as previ- 
ously described [18]. Briefly, the Fe(II) solution was pre- 
pared by adding 59FeC13, 56FESO4 and 2-mercaptoethanol 
(50-fold molar excess relative to Fe) to 0.27 M sucrose to 
give a final concentration of 62.5 /zM. The incubations 
were performed at 37°C in a shaking water bath using 0.1 
ml aliquots of reticulocytes and 4.9 ml of incubation 
medium which consisted of 0.27 M sucrose buffered to pH 
6.4-6.5 with 4 mM Pipes (piperazine-N-N'-bis[ethane- 
sulfonic acid]). Free radical scavengers or producers were 
added to this medium as required. The cells were incu- 
bated in the presence or absence (controls) of scavengers 
and producers for l0 min, the Fe(II) solution added in 
amounts required to give the desired final iron concentra- 
tion and the incubations continued for varying periods of 
time. The cell suspension was then centrifuged at 1000 × g 
for 10 min at 4°C and the cells washed three times with 
ice-cold 0.15 M NaC1 solution, transferred to new test 
tubes, haemolyzed and separated into haem, cytosolic and 
stromal fractions as in earlier work [ 18]. Each fraction was 
counted for radioactivity. 
In certain experiments, the effect of different incubation 
medium and buffer solution on the rate of transferrin-free 
iron uptake was determined. The same procedure was 
used. The different media used were mannitol, glucose and 
sucrose, and the buffer solutions were Pipes (piperazine-N- 
N'-bis[2-ethanesulfonic a id), Mes (2-[N-morpholino] 
ethanesulfonic a id) and Mops (3-[N-morpholino] propane- 
sulfonic acid). The same procedure was also used to 
measure the rate of Fe(II) uptake under the conditions of 
different pH and NaCI concentration i the incubation 
medium. 
2.4. Thiobarbituric acid assay 
Lipid peroxidation product was assayed by the thio- 
barbituric acid assay procedure described by Buege and 
Aust [27]. All reagents were prepared fresh daily. MDA, 
an end-product of peroxidized fatty acids and a marker of 
lipid peroxidation and free radical activity [28], was mea- 
sured by the thiobarbituric acid reaction. Cells were incu- 
bated with different concentrations of iron for the desired 
time and then 0.5 ml 40% trichloroacetic a id, 0.25 ml 0.5 
N HC1 and 1 ml 1% thiobarbituric acid were added and 
mixed thoroughly. Finally, butylated hydroxytoluene was 
added to give a final concentration of 0.01% (v/v). The 
mixture was heated at 80°C in a water bath for 15 min, 
cooled to room temperature, and centrifuged at 1000 × g 
for 10 min. The supernatant was analyzed for absorbance 
at 532 nm using a Beckman DU-68 spectrophotometer 
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against a blank that contains all reagents and sucrose and 
was heated at 80°C for 15 min as well. Malondialdehyde 
bis-(dimethylacetal) was used as a standard for construc- 
tion of separate standard curves in the presence or absence 
of 4 /zM Pipes and 0, 5, 100, and 400 p.M Fe(II). There 
was no significant difference between the slopes of the 
standard curves whether or not Fe(II) or Pipes were added. 
The means of these standard curves were therefore used 
for calculating the MDA concentrations of cell extracts. 
The equation of the regression line is y = 0.0205 + 
0.1059x (r  = 0.999) 
2.5. Analytical methods 
The reticulocyte count was determined by staining with 
new Methylene blue and the packed cell volume by the 
microhaematocrit method. Haem was extracted by the 
method of Thunell [29]. Radioactivity was counted in a 
three-channel y-scintillation counter (LKB-Wallac 1282 
Compu-gamma). 
10 min at 37°C and then the radioactive Fe(II) solution 
was added to the incubation medium in amounts required 
to give the desired final iron concentration (0.05 /zM-4 
/xM) and the incubation continued for 20 min. The effects 
of these scavengers and producers on Vma x value for iron 
uptake are summarized in Table 1. The results show that 
most of the free radical scavengers increased Fe(II) uptake 
by cells only to a very small degree, and l0 /zM and 25 
/zM BHA and 600 IU/ml superoxide dismutase had virtu- 
ally no effect on Fe(II) uptake. The free radical producers 
used in these experiments were able to decrease Fe(II) 
uptake into haem and cytosol fractions of reticulocytes to
different degrees, generally in a concentration-dependent 
manner, but the decrease produced by most of the produc- 
ers was very slight, except for aluminium carbonate (50 
/xM) which decreased Fe(II) uptake by cells to a greater 
degree, the values of uptake into haem and cytosol being 
37% and 27% of control values respectively. 
3.2. Effect of iron concentration and incubation time on 
the production of MDA 
3. Results 
3.1. Effects of free radical scavengers and producers on 
Fe(II) uptake 
The free radical scavengers used were BHT, BHA, 
superoxide dismutase, a-tocopherol, propyl gallate and 
DPPD and the producers 'were H202, aluminium carbon- 
ate, cumene hydroperoxide and t-butyl hydroperoxide. 
These chemicals were preincubated with reticulocytes for 
The production of MDA was measured in cells which 
were incubated under two experimental conditions: (a), 
low iron concentration (< 10 /.LM) and the usual incuba- 
tion time (20 min) and (b) higher iron concentration 
(> 100 /xM) and a longer incubation time (4 h). 
3.2.1. Low concentration of iron and 20 min incubation 
time 
In our experimental system for studying membrane 
transport of iron, the concentrations of Fe(II) used varied 
Table 1 
Effect of free radical scavengers and producers on Fe(lI) uptake by reticulocytes 
Reagents Concentration n Fe(II) Uptake Vmax (% control) 
Haem Cytosol 
Scavengers: 
Producers: 
BHA 5/,~M 4 111.1 113.3 
10/xM 4 125.5 131.3 
BHT 10/zM 3 99.3 109.3 
25 p,M 3 107.2 118.3 
Superoxide dismutase 600 IU 4 108.3 101.1 
a-tocopherol 10 p,M 3 105.0 109.0 
100 tzM 3 136.6 120.8 
Propyl gallate 3250/zg/ml  2 120.3 107.1 
DPPD 10/xg/ml  2 126.3 114.6 
t-Butyl hydroperoxide 10/xM 3 99.5 92.2 
25 ~M 3 88.7 83.6 
Cumene hydroperoxide 2 /zM 4 97.8 89.8 
10/xM 4 92.5 82.6 
H202 20/zM 3 93.7 81.0 
100/zM 3 97.9 86.5 
Aluminium carbonate 10/zM 4 93.0 96.0 
50/zM 4 37.0 27.0 
The cells were preincubated at 37°C with different scavengers or producers for 10 min before the addition of different concentration of 59Fe(H) and 
measurement of iron uptake to the haem and cytosol as described in the text. The results are expressed as the mean values for the Vma x of Fe(II) uptake in 
the presence of the reagents as a percentage of the control value. The control values of Vm~  (nmol/ml reticulocyte/min) for Fe(II) uptake into haem and 
cytosolic fractions are 0.97 + 0.05 and 2.34 + 0.13 respectively. 
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Fig. 1. Effect of low concentrations of Fe(II) on production of thiobarbituric acid reactive products (absorbance at532 nm). Reticulocytes were incubated 
with different concentrations of Fe(II) (0.25, 1, 2, 4, 6, 10/xM) in different incubation media: sucrose without BHT (O), sucrose with 10/zM BHT (O), 
mannitol (• )  and glucose ([])  or without Fe(II) in sucrose (zx) for 20 min at 37°C. The pH of incubation media was 6.5. The calculation of MDA was 
described in the text. 
from 0.05 to 4/zM and the incubation time at 37°C was 20 
min. Therefore the effects of low concentrations of iron 
and incubation for 20 min on malondialdehyde production 
were investigated. The results are shown in Fig. 1. Reticu- 
locytes were incubated with different concentrations of 
iron (0.25-10/zM) in different isotonic solutions (sucrose, 
mannitol and glucose) or without iron in sucrose for 20 
min at a 37°C. No significant difference in the production 
of thiobarbituric acid reaction products (the values for 
absorbance at532 nm) was found. In one experiment, cells 
were preincubated with 10 /xM BHT for 10 min at 37°C 
and then iron was added and the incubation continued for a 
further 20 min. There was no significant difference be- 
tween these results and those of other incubations in which 
BHT was not used. 
3.2.2. Higher concentration of iron and 4 h incubation 
time 
When 100/zM or greater concentrations of Fe(II) (100, 
200 and 400 /zM) were added to the incubation medium 
2 T 
1.5 
E 
"~ 1 
E 
:E O.5 
0 I d i 
0 100 200 300 400 
IRON CONCENTRATION(uM)  
Fig. 2. Effect of high concentrations of iron on the production of MDA. Reticulocytes were preincubated without (O)  or with l0 /~M BHT (O)  in 0.27 M 
sucrose for 10 min and then iron (100, 200, and 400 g,M) was added and incubated for 4 h at 37°C. The pH of incubation media was 6.5. Each point is the 
mean of four experiments. 
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Fig. 3. Effect of different buffers on the iron uptake by haem (A) and cytosolic (B) fractions of recticulocyte. The cells were incubated with iron in 0.27 M 
sucrose, buffered to pH 6.5 by Pipes (O), Mes (O) and Mops (• )  respectively, for 20 min at 37°C. The measurement of iron uptake was described in the 
text. Each point is the mean of four experiments. 
(0.27 M sucrose) and incubated with reticulocyte for 4 h at 
37°C, MDA production increased to levels much greater 
than those formed with lower iron concentrations and the 
usual incubation times. The increase of  MDA production 
varied with iron concentration in the incubation medium. 
When reticulocytes were preincubated with 10 /xM BHT,  
MDA production was significantly decreased, compared 
with the values obtained in the absence of BHT (Fig. 2). 
3.3. Effects of  different buffers on iron uptake 
It was reported that free radicals are easily produced 
from the piperazine ring-based buffers: Pipes, Hepes and 
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Fig. 4. Effect of different pH of incubation medium (sucrose) on the rate of iron uptake into haem (A) and cytosolic (B) fractions of reticulocytes. The cells 
were preincubated without (O) or with 10/iM BHT (O) in sucrose, buffered to different pH levels (5.0, 5.5, 6.0, 6.5, 7.0, 7.5 and 8.0) by Pipes, at 37°C 
for 10 min before 1 ~M of iron was added. Each point is the mean of three experiments. 
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Fig. 5. Effect of different pH in different incubation solutions on the rate of iron uptake into haem (A) and cytosolic (B) fractions of reticulocytes. The cells 
were incubated with 1 /xM of iron in different media: sucrose (O), mannitol (O) and glucose (11) buffered by Pipes to different pH levels (5.0, 5.5, 6.0, 
6.5, 7.0, 7.5, 8.0) for 20 min at 37°C. and the measurement of iron uptake as described in the text. Each point is the mean of three experiments. 
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significant difference in iron uptake by haem and cytosol 
with the use of the three different buffers (Fig. 3). 
Eppes, but not from other buffers such as Mes and Mops 
which contain a mopholine ring [16]. Since Pipes was used 
in our incubation solution, it was decided to compare iron 
uptake in the presence of Pipes, Mes and Mops. The 
incubation medium was buffered to pH 6.5 with Pipes, 
Mes and Mops respectively, and all other experimental 
procedures and conditions (low concentration of iron and 
incubation time of 20 min) were unchanged. There was no 
3.4. Effect of pH and composition of the incubation medium 
on iron uptake 
The effect of different pH of the sucrose medium on 
iron uptake was also investigated using cells preincubated 
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Fig. 6. Effect of different incubation solutions on the rate of iron uptake into haem (A) and cytosolic (B) fractions of reticulocytes. The cells were 
incubated with iron in sucrose (0) ,  mannitol (O)  and glucose (11) buffered to pH 6.5 by Pipes at 37°C for 20 min. Each point is the mean of four 
experiments. 
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Fig, 7. Effect of NaCI concentration i  the incubation medium on the rate of iron uptake into haem (A) and cytosol (B) of reticulocytes. The cells were 
preincubated without BHT and DMSO (O), with 10 p,M of BHT (C)) and with DMSO 10/~l/ml ( I )  in the incubation media, which were prepared by 
mixing varying proportions of 0.155 M NaCI and 0.27 M sucrose (pH 6.5) to obtain the desired final NaCI concentrations, for 10 min at 37°(2 before 1 /xM 
of iron was added. Each point i,; the mean of three experiments. 
with or without 10/zM BHT for 10 min. This free radical 
scavenger led to a small increase in Fe(II) uptake at all pH 
levels, but did not affect dae pH optimum which was found 
to be 6.5 (Fig. 4). In certain experiments, the effect of 
replacing sucrose in the incubation medium with other 
sugars (mannitol and glucose) on the rate of Fe(II) uptake 
at different pH level wa,; investigated. Very little differ- 
ence was found between the rate of Fe(II) uptake from 
sucrose and mannitol solutions but Fe(II) uptake was 
slightly lower when glucose was used (Fig. 5). The effect 
of changing the composition of the incubation medium on 
Fe(II) uptake at varying ,concentrations of iron at pH 6.5 
was also studied. The results are summarized in Fig. 6. 
There was little difference between sucrose and mannitol 
but uptake from glucose was less at most iron concentra- 
tions. 
3.5. Effect of NaCl concentration i the incubation medium 
on iron uptake 
It was observed earlier that the uptake of Fe(II) from 
NaCI solution was much less than that from sucrose 
solution [18]. Hence the effect of adding varying quantities 
of NaC1 to the standard Jincubation medium, by replacing 
part of the sucrose solution with 0.15 M NaC1, and the 
effect of 10 /~M BHT and 10 /zl/ml DMSO on Fe(II) 
uptake were investigated. As the NaCI concentration was 
raised, Fe(II) uptake decreased, reaching about 24% of 
control value for uptake into haem and 18% of that into 
cytosol at a NaC1 concentration of 50 mM. Further in- 
crease in NaCI concentration reduced Fe(II) uptake more 
slowly to about 11.4% and 11.7% of control values for 
uptake into haem and cytosol respectively, at 150 mM 
NaCI (Fig. 7). When cells were preincubated with BHT 
(10 /zM) or DMSO (10 /~l/ml) for 10 min at 37°C, the 
rate of iron uptake was nearly the same as that of the 
control cells. 
4. Discussion 
Lipid peroxidation is a free radical mediated process. 
Free radicals can be defined as any molecular species 
capable of independent existence that has one or more 
unpaired electrons [30-33]. The role of iron in initiating 
lipid peroxidation reactions within biological membranes 
has been examined in a variety of systems. Indeed, a 
general feature of the participation of iron in free radical 
reactions is that iron converts poorly reactive species into 
more reactive ones [14]. Iron can directly react with molec- 
ular 02 and H202,  both of which are poorly reactive 
molecules, to produce hydroxyl radical, which is a more 
active species, by the Fenton reaction. Iron can also de- 
compose lipid peroxides to form alkoxyl and peroxyl 
radicals. Then alkoxyl, peroxyl and hydroxyl radicals can 
initiate lipid peroxidation by abstracting hydrogen atoms 
from unsaturated fatty acids [34]. The hydroxyl radical can 
react with most biomolecules by other ways such as 
hydroxylation or electron transfer reactions, and may also, 
in turn, lead to the formation of secondary radicals which 
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cause chemical modification and subsequent damage of 
proteins, lipids and carbohydrates [15]. 
Recently, a physiological role of lipid peroxidation i  
membrane transport of iron has been postulated, based on 
the following experimental results: (1) Fe(II) can pass 
rapidly through the membrane of gut microvillus mem- 
brane vesicles while Fe(III) only binds to the membrane 
[35]; (2) ferrous ascorbate and ferric nitrilotriacetate are 
able to induce lipid peroxidation of vesicle in a dose-de- 
pendent way; and (3) lipid peroxidation is inhibited by 
catalase, thiourea, vitamin E and desferrioxamine (DFO) 
[10]. Marx et al. (1989) studied the relation between lipid 
peroxidation and the iron uptake by rabbit small intestinal 
microvillus membrane vesicles, and the inhibiting effects 
of scavengers of toxic oxygen species (free radicals) on 
iron uptake [11]. They found that iron uptake from 5 /xM 
iron solutions by the microvillus vesicles was 5.67 
nmol/mg protein (Fe(II) and Fe(III)) and uptake from 200 
/xM iron solution was 1.84 nmol/mg protein. Preincuba- 
tion of the vesicles with scavengers of free radicals gave 
much lower results. When the vesicles were pre-incubated 
with DFO (0.8 mM), superoxide dismutase (0.2 mg/ml), 
catalase (0.3 mg/ml), and vitamin E (2.5 mg/ml) for 15 
min, iron uptake from 5 /xM iron solution by the microvil- 
lus vesicles was only 0.16, 1.83, 0.65, and 1.03 nmol/mg 
protein and from 200 /~M iron solution only 0.59, 1.34, 
0.90, and 0.96 nmol/mg protein respectively, all of which 
were much smaller than that in the absence of scavengers. 
It was concluded from their results that iron may initiate 
its own membrane transport by lipid peroxidation, induced 
by active iron-oxygen species. However, it is not clear 
whether the mechanism of oxygen radical-mediated iron 
uptake operates in reticulocytes. Egyed reported [19] that 
the presence of 600 IU/ml superoxide dismutase had no 
effect on iron uptake by rabbit reticulocytes and there was 
no noticeable ffect of presence or absence of oxygen on 
iron uptake by the cells. Our results show that free radical 
scavengers (butylated hydroxyanisol 5-10 /xM, butylated 
hydroxytoluene 10-25 /xM, superoxide dismutase 600 
IU/ml, cr-tocopherol 10-100 /zM and propyl gallate 3250 
/zg/ml) and producers (t-butyl hydroperoxide 10-25/zM, 
cumene hydroperoxide 2-10 /zM) have no noticeable 
effect on iron uptake except 50 /zM of aluminum carbon- 
ate (producer) which decreases (not increases) iron uptake 
to a greater degree, the values of iron uptake into haem 
and cytosol being 37% and 27% of the control values 
respectively. This suggests that the uptake of iron by rabbit 
reticulocytes may not be a consequence of free radical 
reaction. Thus, it is possible that the role of lipid peroxida- 
tion in iron uptake by cells from different tissues are 
different and further studies of lipid peroxidation-mediated 
uptake by different issues cells are needed. 
During the process of transferrin-bound iron uptake by 
reticulocytes, the iron ultimately crosses the endosomal 
membrane into the cytosol not in the form of transferrin- 
bound iron but in the form of transferrin-free iron [1]. How 
this iron passes through the membrane is still not clear. 
Therefore it is important to develop an experimental sys- 
tem to investigate the mechanism of iron uptake by cells 
which is independent of the presence of transferrin so that 
the several steps in transferrin-receptor interaction and iron 
release from transferrin could be avoided and the process 
of iron transport across cell membrane could be investi- 
gated without these complicating features. In an earlier 
publication by Morgan [18], such an experimental system 
was reported, providing the evidence for the presence of 
carrier-mediated transport of Fe(II) into reticulocytes. 
However, the system contains iron which is a promotor 
of free radical formation and lipid peroxidation, reticu- 
iocytes membrane which is susceptible to peroxidative 
attack, and Pipes from which free radicals are easily 
produced. Hence it was considered necessary to check 
whether there is any free radical reaction and lipid per- 
oxidation in the experimental system and, if so, what their 
effects on the iron uptake process are. Therefore the effect 
of iron concentration on the production of thiobarbituric 
acid reactive products was investigated. The results show 
that under the conditions used in this experimental system, 
that is, low concentration f iron in the incubation medium 
(< I0 /.~M) and an incubation time of 20 rain, these was 
no increase in such products as the iron concentration was 
increased. Also, little difference was found when reticu- 
locyte was preincubated without or with 10/zM BHT. The 
results using free radical scavengers and producers howed 
that most of the scavengers increased Fe(II) uptake by the 
cells only to a small degree while some scavengers had no 
effect, and the degree of decrease of Fe(II) uptake in the 
presence of free radical producers was very slight except 
with 50 /xM aluminium carbonate. These results indicate 
that there may be a small amount of free radical reaction 
and production of lipid peroxidation under the conditions 
of the experimental system but the effect was very slight 
and not enough to impair the integrity of the cell mem- 
brane and the process of Fe(II) uptake by the cells. Alu- 
minium may greatly accelerate the lipid peroxidation i - 
duced by iron [36] and compete with the iron in the iron 
transport system. Possibly this is the reason why alu- 
minium carbonate (50 /xM) decreased Fe(II) uptake by 
cells significantly. 
'Good's' buffers such as Hepes and Pipes, are exten- 
sively used in biological research. Their convenient pKa'S, 
high solubility and minimal complexation of metal ions 
have won them wide acceptance. However, Grady et al. 
[16] indicated that 'Good's' buffers are not as inert as 
previously believed. Their results demonstrated that free 
radicals were easily produced from piperazine ring-based 
buffers under a variety of conditions. In a comparative 
study, using Pipes (piperazine ring-based buffer) and Mops 
and Mes (contain a morpholine ring) to buffer the incuba- 
tion medium to pH 6.5, it was found that there was no 
difference between the rates of Fe(II) uptake. The results 
suggest hat the degree of free radical production which 
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results from the use of Pipes was very slight or zero in the 
experimental system. 
The composition of the incubation medium is an impor- 
tant feature in the experimental system used in the present 
work. Therefore, the effects of replacing sucrose with 
mannitol and glucose were examined. The uptake of Fe(II) 
from glucose solution was a little lower than that from 
sucrose or mannitol, but there was almost no difference 
between the rates of Fe(II) uptake from sucrose and manni- 
tol. These results support he conclusion that the extent of 
free radical reaction and lipid peroxidation in the experi- 
mental system is very slight and not enough to affect 
Fe(II) uptake significantly, because mannitol is known to 
be a free radical scavenger. Starke and Earber [37] reported 
that mannitol can prevent both ferric and ferrous iron-de- 
pendent cell killing. If iron uptake in the present system is 
dependent on the production of free radical reactions and 
lipid peroxidation, the rate of Fe(II) uptake from mannitol 
solution should have been lower than that from sucrose 
solution. 
The study of the effect: of NaCI concentration on the 
rate of Fe(II) uptake showed that Fe(II) uptake decreased 
as the NaC1 concentration in incubation medium was 
raised. This result is similar to an earlier observation [18]. 
The reduction of Fe(II) uptake which resulted from the 
change of NaCI concentration is obviously not due to free 
radical reactions and lipid peroxidation because the rate of 
Fe(II) uptake was nearly the same as that of the control 
cells which were preincubated with 10 /xM BHT for 10 
min. When DMSO was added to incubation medium, the 
rate of Fe(II) uptake was not affected. It indicates that the 
effect of free radical scavengers and producers which were 
dissolved in DMSO on Fe(II) uptake was not due to an 
effect of DMSO. The pH optimum for Fe(II) uptake in this 
experimental system is 6.5 (Morgan 1988 and present 
results). The question asked was whether the effect of pH 
on Fe(II) uptake is due to pH-dependent changes in free 
radical reactions and lipid peroxidation. The answer is 
negative according to the results of this study, because the 
same pH optimum was fotmd in the presence or absence of 
the free radical scavenger, BHT. 
The experimental restdts obtained suggest that iron 
could induce free radica3~ reactions in the experimental 
conditions used in the present work but only to a signifi- 
cant degree when used at high concentrations (> 100/xM) 
and for long incubation times of 4 h. At low concentrations 
of iron and the usual incubation time of 20 min free radical 
reaction was very slight and insufficient in extent to 
damage the function and integrity of the cell membrane 
with respect o the uptake of transferrin-free iron. Also the 
uptake of this iron is not the result of free radical produc- 
tion. It was therefore concluded that iron could not initiate 
its own membrane transport in reticulocytes by free radical 
reactions under our experimental conditions and that the 
experimental system for :~tudying membrane transport of 
iron which we are using is valid for this purpose. 
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